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INTRODUCTION 

To g a i n  a more thorough understanding o f  t h e  chemis t ry  o f  c o a l - s o l v e n t  

i n t e r a c t i o n  i n  coa l  l i q u e f a c t i o n  and t o  e f f e c t i v e l y  u t i l i z e  a s o l v e n t  f o r  

t h i s  process, d e t a i l e d  i n f o r m a t i o n  on t h e  chemical compos i t ion  o f  t h e  

r e c y c l e  s o l v e n t  i s  needed. 

The s o l v e n t ,  t o  be termed a good s o l v e n t ,  must have f o u r  c r i t i c a l  

q u a l i t i e s :  i t  must ( 1 )  be a b l e  t o  donate hydrogen t o  the  coal  and/or 

a c t  as a hydrogen t r a n s f e r  agent; ( 2 )  f u n c t i o n  as a p h y s i c a l  s o l v e n t ;  ( 3 )  

p revent  char fo rmat ion ;  and ( 4 )  be c h e m i c a l l y  s t a b l e  and be r e v e r s i b l y  

regenerab le  t o  i t s  hydrogen donor form. To i d e n t i f y  and q u a n t i t a t i v e l y  

assess the chemical s t r u c t u r e s  r e s p o n s i b l e  f o r  these a c t i o n s  a chemical 

c h a r a c t e r i z a t i o n  method f o r  s o l v e n t s  has been developed. 

The development and u t i l i z a t i o n  o f  t h i s  method f o r  separa t ion  o f  a 

coal  d e r i v e d  s o l v e n t  i n  terms o f  d i f f e r e n t  chemical f u n c t i o n a l i t i e s  was 

our p r imary  o b j e c t i v e  i n  t h i s  s tudy .  

Recycle, i s  an example o f  a s o l v e n t  c u r r e n t l y  u t i l i z e d  i n  coal  l i q u e f a c t i o n  

s t u d i e s .  

BACKGROUND 

The s o l v e n t  used, Hydrogenated SRC-1 

Several  l i q u i d  chromatographic techniques can be found i n  the  l i t e r a t u r e  

which p o t e n t i a l l y  c o u l d  be used f o r  c h a r a c t e r i z a t i o n  o f  s o l v e n t  range 

coal  l i q u i d s .  

89 



I n i t i a l l y ,  one such method, the  SESC chromatographic procedure (1,2) 

was employed. T h i s  method, based on chromatographic f r a c t i o n a t i o n  by 

sequen t ia l  e l u t i o n  w i t h  s p e c i f i c  so l ven ts  on s i l i c a  gel columns, a l t hough  

y i e l d i n g  a good overv iew o f  the chemical f u n c t i o n a l i t i e s  present  i n  the  

samples does n o t  g i v e  f i n e  separa t i on  o f  hydrocarbons. Th is  l e d  t o  t h e  

development o f  t he  l i q u i d  chromatographic technique (RSEIC) ( 3 ) ,  u t i l i z e d  

by us, f o r  t he  p a s t  two yea rs ,  i n  the  f r a c t i o n a t i o n  o f  coa l  d e r i v e d  

so l ven ts  p r i n c i p a l l y  o f  SRC o r i g i n .  

I n  t h e  i n i t i a l  p o r t i o n  o f  t h i s  technique, s i m i l a r  t o  the  SARA p ro -  

cedure developed f o r  pet ro leum 1 i q u i d s  ( 4 ) ,  f r a c t i o n a t i o n  i s  performed 

by sequent ia l  e l u t i o n  l i q u i d  chromatography ove r  bas i c  alumina. The 

sequence o f  so l ven ts  and chemical spec ies p resen t  i n  each f r a c t i o n  a r e  

as fo l l ows :  

F rac t i on  

1 

2 

Sol ven t  

Petro leum e the r *  

95% Petroleum e the r *  
5% Benzene 

85% Petroleuni  e the r *  
15% Benzene 

Te t rahyd ro fu ran ;  
1% Ethanol 

Tet rahydrofuran;  
10% Water 

(Non-e luted)  

Chemical Species 

Saturated hydrocarbons 

Monoaroniatic hydrocarbons w i t h  
a l i p h a t i c  s u b s t i t u e n t s  ( i n c l u d i n g  
t e t r a l i n  and t e t r a l i n  homologs) 

Diaroniat ic  hydrocarbons (naphthalene 
and a1 k y l  d e r i v a t i v e s )  

Polyaromat ic  hydrocarbons 
Dibenzofuran and o t h e r  f u r a n  d e r i v a t i v e s  
Nonbasic n i t r o g e n  compounds 

Phenols and bas i c  n i t r o g e n  compounds , 

P o l y f  unc t  i onal Compounds 

* 
These f r a c t i o n s  are now be ing  developed us ing  heptane i n s t e a d  

o f  pe t ro leum e t h e r .  

90 



Although t h i s  sequence a l l o w s  good s e p a r a t i o n  o f  hydrocarbons, and though 

an improvement over o t h e r  methods, t h e  techn ique i s  n o t  w i t h o u t  f a u l t .  

One d i f f i c u l t y  i s  t h a t  phenols, bas ic  components and a c i d i c  n i t r o g e n  spec ies  

a r e  sometimes mixed i n  t h e  same f r a c t i o n  ( F r a c t i o n  5 ) .  Also,  p o l y f u n c t i o n a l  

molecules,  compris ing as much as 20% i n  some process d e r i v e d  s o l v e n t s  (1  , 3 ) ,  

are  g e n e r a l l y  non-e lu tab le .  

To circumvent the  problem o f  non-e lu ted  m a t e r i a l  a s i l i c a  colunin i n  

f r o n t  o f  t h e  alumina column cou ld  be used t o  absorb p o l y f u n c t i o n a l  compounds 

which c o u l d  then be e l u t e d  separa te ly .  

bas ic  components, an a l t e r n a t i v e  method i s  t h e  use o f  ion-exchange r e s i n s  

as i n  t h e  SARA procedure. 

For t h e  i s o l a t i o n  o f  a c i d i c  and 

Two r e s i n s ,  Amberlyst-26 and Amberlyst-15, manufactured by Rohm and 

Haas, a r e  p o t e n t i a l l y  u s e f u l  f o r  coal  d e r i v e d  s o l v e n t  separa t ions  o f  t h i s  

type. The d e s i r a b i l i t y  o f  t h e  Amber lys t type  r e s i n s  i s  t h a t  t h e y  are 

i n t r i n s i c a l l y  porous and can be used f o r  non-aqueous a p p l i c a t i o n s  as 

they  do n o t  r e q u i r e  s o l v e n t  s w e l l i n g  t o  become e f f e c t i v e .  

Amberlyst-26, was used i n  p r i o r  work ( 5 )  t o  i s o l a t e  the  heavy phenol 

f r a c t i o n  (450QF+),  so designated i n  t h a t  i t  c o n t a i n s  no simple s i n g l e - r i n g  

compounds, f rom a r e c y c l e  s o l v e n t  ob ta ined from the  W i l s o n v i l l e ,  Alabama, 

Process Demonstration U n i t  operated by C a t a l y t i c ,  Incorpora ted  f o r  Southern 

Services,  Incorpora ted .  The i s o l a t i o n  was q u a n t i t a t i v e  and prov ided a 

m i x t u r e  of  phenols and a c i d i c  n i t r o g e n  compounds (e.g.  carbazo le ) .  I n  

c o n j u n c t i o n  w i t h  t h i s ,  r e v i e w i n g  the  developnient o f  RSNC i t  was noted t h a t  

a l though b a s i c  n i t r o g e n  and phenols e l u t e  i n  t h e  same f r a c t i o n  (RSMC-5) 

i t  appeared t h a t  t h e  r e t e n t i o n  f a c t o r s  were d i f f e r e n t  enough t h a t  by 

i n t r o d u c i n g  an e l u t i o n  s o l v e n t  o f  5% EtOH i n  THF, s e p a r a t i o n  c o u l d  be 

p o s s i b l e .  

The r e s i n ,  
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Cons ider ing  a l l  p a s t  work, a procedure has been developed, us ing  

sequent ia l  columns o f  s i l i c a ,  and/or alumina i n  combinat ion w i t h  a s t r c n g  base 

i o n  exchange r e s i n  column f o r  s e p a r a t i o n  o f  a coa l  d e r i v e d  s o l v e n t .  

EXPERIMENTAL 

Sample 

The sample used was an Hydrogenated SRC-1 r e c y c l e  s o l v e n t  prepared by 

Conoco Research and Development Corp., and conta ined 9.67% H. I t  was 

i n i t i a l l y  d i s t i l l e d  and t h e  d i s t i l l a t i o n  f r a c t i o n  (400-600OF) was used f o r  

these s t u d i e s .  

bla t e  r i a 1 

A. Reagents 

n-heptane ob ta ined from A l d r i c h  Chemical Company. 

Benzene o b t a i n e d  from F i s h e r  S c i e n t i f i c ,  F a i r  Lawn, NJ. 

Chloroform, Ether(anhydr0us) and Methanol were ob ta ined from 

J .  T. Baker Cheniical Co., P h i l l i p s b u r g ,  NJ. 

Tet rahydro furan  ( u n i n h i b i t e d )  o b t a i n e d  from Burd ick  & Jackson. 

B. Ion-Exchange Resin (Amber lys t  A-26) 

S k e l e t a l  S t r u c t u r e  Styrene - DVB 

I o n i c  F u n c t i o n  Quat e r  na ry 

P o r o s i t y  ( % )  

Sur face  Area m /g 2 

27 

28 

I 
C 
k +  OH- 

/ I \  
Exchange Capaci ty:  c c c  

meq/g 4.4 

meqlml 1 .o 

S t a b i  1 i t y  

i n i s  r e s i n  was r i g o r o u s i y  c leaned p r i o r  t o  use by exhaust ive  

washing w i t h  MeOH and THF i n  bo th  C1- and OH- forms. 

i n  OH- form n o t  above 60°C 
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C . C hronia t o g  rap hi c Supports 

S i l i c a  

Preparative - Prep Pack - 500 car t r idges  (5 .7  x 30 cm) 

obtained from Waters Associates. 

Analytical - LPS-2 37-53 um s i l i c a  gel obtained from 

Whatman Inc . ,  Cl i f ton NJ. 

A1 umi na 

Basic Alumina Woelm Activi ty  - 1 obtained from I C N .  

PROCEDURE 

The overall procedure i s  shown schematically i n  Figure 1 .  The  

i n i t i a l  separation u t i l i z e d  a modified version of our SESC ( 1 , 2 )  procedure 

and was performed on a 10 g sca le .  

The sample, Hydrogenated SRC-1, was dispersed on g lass  beads 

(Regular 170/230 mesh) a n d  loaded in a pre-column. 

separation was then accomplished, using a system s imi la r  t o  the Waters 

LC/Prep 500 System containing two s i l i c a  c a r t r i d g e s ,  a t  a flow r a t e  of 

approximately 50 cc/min. 

Chromatographic 

The f rac t ions  obtained a r e  presented in Table 1 .  

Each f rac t ion  i so la ted  in the i n i t i a l  s tep  was analyzed by ana ly t ica l  

S E X ,  u t i l i z i n g  a s t a i n l e s s  s tee l  column ( 3  x 1000 mm)  and 1 cc/min flow 

r a t e ,  t o  determine the qua l i ty  of the separat ion.  

of each f rac t ion  were a l so  obtained on a Hewlett Packard 5750 Research 

Chromatograph u t i l i z i n g  a Dexsil 300 column (10% on Chromasorb; 1/8" x 10 f t )  

and programmed a t  6°C per minute from 50°C t o  350°C. 

Vapor-phase chromatograms 

The hydrocarbons a n d  monofunctional compounds were fur ther  f rac t iona ted  

by preparat ive chromatography over alumina. An Altex ana ly t ica l  g lass  
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column (15  x 1000 mm) equipped w i t h  an a d j u s t a b l e  p lunger  and a f l o w  r a t e  

o f  5 cc/min was used f o r  development o f  f r a c t i o n s  as shown i n  F igure  1. 

These f r a c t i o n s  were analyzed by vapor phase chromatography. 

Both a n a l y t i c a l  and p r e p a r a t i v e  f r a c t i o n a t i o n s  were mon i to red  us ing  

The data a Pye 2 Unicam moving w i r e  d e t e c t o r  and an Autolab M i n i g r a t o r .  

f rom both  chromatographic separa t ions  are  summarized i n  Table 2 .  

The chemical and s t r u c t u r a l  n a t u r e  o f  t h e  components o f  each o f  these 

f r a c t i o n s  are  p r e s e n t l y  be ing  examined by FIMS as w e l l  as by o t h e r  s p e c t r a l  

methods and w i l l  b e  the  s u b j e c t  o f  a f u t u r e  p u b l i c a t i o n .  

RESULTS AND DISCUSSION 

The p r e p a r a t i v e  s c a l e  chromatography data i n d i c a t e s  t o t a l  recovery 

o f  sample f rom t h e  s i l i c a  was achieved. A n a l y t i c a l  SESC i n d i c a t e s  t h a t  

g r e a t e r  t h a n  90% o f  the  hydrocarbon f r a c t i o n  i s  s a t u r a t e s  and mono, d i  and 

po lyaron ia t i cs .  S i m i l a r  a n a l y s i s  o f  h e t e r o c y c l i c  and f u n c t i o n a l  compound 

f r a c t i o n s  i n d i c a t e  t h a t  t h e r e  i s  some o v e r l a p  b u t  t h a t  i n  general t h e  

separa t ion  o b t a i n e d  appears t o  be q u i t e  good. 

P r e p a r a t i v e  s c a l e  s e p a r a t i o n  o f  bo th  ,the hydrocarbon and f u n c t i o n a l  

compound f r a c t i o n s  i n t o  sub-groups by RSMC method i n d i c a t e s  good separa t ion  

between chemical  groups as o u t l i n e d  i n  F i g u r e  1.  

exper imental  e r r o r ,  a re  w e l l  i n  agreement w i t h  a n a l y t i c a l  SESC data  and 

thus  g i v e  good i n d i c a t i o n  t h a t  non b a s i c  N, 0, S - h e t e r o c y c l i c s  a r e  

contained i n  f r a c t i o n  B. 

by ion  exchange. 

CONCLUSIONS 

The r e s u l t s ,  w i t h i n  

T h i s  f r a c t i o n  may then be f u r t h e r  f r a c t i o n a t e d  

The descr ibed f r a c t i o n a t i o n  scheme, u s i n g  sequent ia l  columns o f  s i l i c a ,  

aiumina and a s t r o n g  base i o n  exchange r e s i n ,  p rov ides  separa t ion  o f  process 

der ived  coal  l i q u e f a c t i o n  r e c y c l e  s o l v e n t s  i n t o  c h e m i c a l l y  d i f f e r e n t  

f r a c t i o n s  c o n t a i n i n g  v a r i o u s  hydrocarbons, mono, d i  and po lyaromat ics  
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including su l fu r  containing heterocycles;  furans;  non basic  N ;  basic  

nitrogen species;  mono-phenols and polyfunctional compounds. 

The combination of f rac t iona t ion  w i t h  addi t ional  study by elemental 

analyses ,  FIMS as  well a s  by o ther  spectral  methods leads t o  a good chemical 

character izat ion o f  each f r ac t ion ,  and the t o t a l  so lven t .  

The'developed method allows f o r  t he  circumvention of any problems 

normally encountered i n  separat ing the desired f u n c t i o n a l i t i e s .  

u t i l i z a t i o n  of such method coupled w i t h  charac te r iza t ion  of t h e  chemical 

groups obtained allows f o r  t he  gain of a more thorough understanding of 

the chemistry of coal-solvent in te rac t ion  and can lead t o  a more d e t a i l e d  

ident i f ica t ion  of t he  chemical composition of recycle  so lven t s .  

The 

The l a t t e r  premise i s  present ly  being invest igated,  fo r  a v a r i e t y  of 

f u l l  range process derived recycle solvents  (400-800OF). 

REFERENCES 

1.  0. 0. Whitehurst, M .  Farcasiu and T .  0. Mitchel l ,  "The Nature and 

Origin of Asphaltenes in Processed Coals," EPRI Report AF-252, F i r s t  

Annual Report Under Project  RP-410, February 1976. 

M .  Farcasiu, Fuel, 56, 9 (1976). 2.  

3. 0. 0. Whitehurst, M. Farcasiu, T .  0. Mitchell and J .  J .  Dickert ,  J r . ,  

"The Nature and Origin of Asphaltenes i n  Processed Coals," EPRI Report 

AF-480, Second Annual Report Under Project  RP-410, July 1977. 

4 .  E .  Lecte, JACS 83, 3645 (1961). 

5.  0. 0. Whitehurst, T .  0. Mitchel l ,  M .  Farcasiu and J .  J .  Dickert ,  J r . ,  

"The Nature and Origin of Asphaltenes in  Processed Coals," EPRI Report 

AF-1298, Final Report Under Project  RP-410, Vol. 2 ,  December 1979. 

95 



ACKNOWLEDGEMENT 

Th is  work was conducted under E l e c t r i c  Power Research I n s t i t u t e  

( E P R I )  Con t rac t  No. RP-1655 which i s  j o i n t l y  funded by E P R I  and Mobi l  

Research and Development Corporat ion.  Mrs. L. F. A the r ton  i s  t h e  E P R I  

P r o j e c t  Manager. 

The au tho rs  wish t o  acknowledge D r .  J. K l e i n p e t e r ,  D. C. Jones, and 

P. J. Dudt from Conoco Coal Development Corpo ra t i on  f o r  p r o v i d i n g  the  

sample used i n  t h i s  s tudy.  

96 



W 

W -c u m 

C 0 

U 
.r 

m 

m a 
W co 

W r U 

+ 
0 

E m 

OI 

.r n 
u 
U 
.r 

m 
5 
r u v, 

7 

W 

3 OI 

LI. 
.r 

O I N  
0 0  U .r- 

0 

0 V 

a w  

- 
r-7 

Y 

rn 
u 

m 

.r 
r 
u 

0 

W U 

W I 

3 

- 

W 0, 
t m r 
u- 
W 

N 

- 

W 

3 U 0) 

0 L 
a 
aJ .s u 

v- 
0 
U 
t 

Q 

aJ 
W U 

L 

g 
c 

2 
VI U 
E 

0 

P 
V 

m E 0 

U u 
c 
v- 
sz 
U 

3 
U 

E 

7 

._ 

.r 

.C n 
0 u 
VI 

2 
C 
.r 
U 

u m 
LI. 

c 

- 
m 
2 
U 

1 

v 
C 

.r 

.r 

.r 

C 

W 
m 

n 
7 ,.- .r 

3 
VI 

.c 
1- 

.r 

w 
C 

E a 
0 

W > 
W v 
al 

3 v 
w .  urn 

O K  L O  (I.7 

I-' 

C L  

3 w  u r n  

u + J  
w c  
E W  L >  
0- 
- 0  L V I  

W 

w c  
C L  

CP- 

0.- 
.r 3 +J+ 
L L  

7 

n m  

.r m L C L  

a m  m 
o m  

m 

m o  a+ 
W 
V I C  0 

3 u  w m  
U L  av- 

- .r 
m c ,  

N 

97 



F r a c t i o n  

T a b l e  1 

DATA FROM I N I T I A L  PREPARATIVE CHROMATOGRAPHY 

Components E l u t i o n  S o l v e n t  - x - 
A S a t u r a t e s ,  Mono, D i  & P o l y a r o n i a t i c s  + Hep tane /  % 80 

159: Benzene 

B S, 0, H e t e r o c y c l i c s  and n o n b a s i c  N C h l o r o f o r m  % 1 0  

C B a s i c  N i t r o g e n  & p h e n o l s  ChC13/Et20 + ,-b 1 0  
CHCl  3/EtOH 



T a b l e  2 

SEPARATIONS OF INITIAL FRACTIONS 

Analytical SESC: (Normal Mode) 

Corn o s i t i o n  
Weight ResFonse Normal I= 

I Factor x 
- 
-~ 

Fraction A 

Frac. 1-2 
" 3 
I '  4 
'I 5 
'I 6 

Fraction B 

Frac. 3 
4 

" 5 
IC 6 

Fraction C 

Frac. 3 
It 4 
'I 5 
" 6-7  

76.4 (1.81)* 90.61 
1.2 (1 .30)  1 .oo 
8.4 (0.52) 2.89 
8.4 (0.42) 2.83 
5.5 (0 .07)  3.16 

59.4 (1.30) 
28.1 (0.52) 
8.7 (0.42) 
3.8 (0.87) 

78.2 

3 . 7  
3.3 

14.8 

2.1 11.30) 4.4 
63.6 ( 0 . 5 z j  53.4 
8.3 (0.42) 5.6 

21.1 (0.07) 29.6 
2.1 (0.78) 2.6 
2.7 (0.97j 4.2 

* Response f a c t o r s  a s  determined fo r  solvent  6663. (1,3) 

RSMC OF SESC Fractions 

Fraction 

1 
1A 
2 
3 
4 
4A 
5 
6 

Fraction A Fraction C 
% % 

27.7 
8.6 
10.2 
11.4 
15.0 
10.0 
10.1 

1 

7.0 
42.0 
45.0 

.) 5.0* 

* Non-eluted by d i f fe rence  
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